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Family STEM (Science, Technology, Engineering and Mathematics) Nights and
Family STEM Backpacks are a way for schools to provide stakeholders the opportunity
to work together in a hands-on, interactive environment to learn more about STEM
subjects. Students, teachers, parents and community partners learn through various
activities what career choices are available that engage STEM disciplines. Through action
research, qualitative data was gathered to discover the community impact of attending a
Family STEM night and participating in Family STEM Backpack Projects. Participants
completed pre- and post- event surveys and open-ended interview questions. The whole
community was invited to participate in Family STEM night, but of the 350 participants,
only six third grade students and their parents participated in the study. Community
partners who reside in this community were also invited to the Family STEM Night
event. This research seeks to discover what awareness of STEM that parents and students
from a rural community have and if they are aware of STEM careers.
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CHAPTER 1: INTRODUCTION
Problem Statement
STEM (Science, Technology, Engineering, Mathematics) education is not as
prevalent in rural schools as it is in urban areas and there is a driving force to get more
STEM education into our rural schools. According to the Partnership for 21st Century
Skills, in order to achieve a measure of success in their future endeavors, students will
need to be fluent in the four C’s: critical thinking and problem solving, communication,
collaboration, and creativity and innovation (Morana, Bombardier, Ippolito, & Wyndrum,
2012). It is also important that students are taught what careers involve STEM. Exposing
students to STEM events and projects early in life, in a positive way, can set the tone for
their attitudes toward STEM disciplines for the rest of their lives. This study focuses on
the impacts that Family STEM Night and Family STEM Backpacks can have on a rural
community. Several research studies (e.g., Epstein, 2000, Marschall, 2006; Shefelbine,
2006) speak to the critical importance of parental involvement in children’s cognitive
development and academic success. Therefore, it is so important that we involve the
entire family in learning. In this study, participants took part in a night full of hands-on
STEM activities as well as participated in Family STEM Backpack projects. Both
activities focused on collaboration to solve problems as well as specifically introduced
students and families to STEM-related careers.
Purpose and Research Questions
The purpose of this study is to identify how the level of awareness of STEM and
STEM careers changes in families after they participate in family STEM events. In this
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research, students from a rural school attended a Family STEM Night and participated in
a Family STEM Backpack project.
We know that rural and urban are not easily defined. Urban and Rural are not only
about a place today, but rather about a set of social relations and a patterning of society
(Reynolds, 2017). For this study, rural is interpreted as a town with a population of less
than 5,000 people where many of the students live in a country setting. Students who
attend rural elementary schools may have fewer opportunities to learn about STEM
outside of the classroom. Most rural communities are not fortunate enough to have
museums, zoos, and other resources that are able to provide STEM opportunities.
Consequently, many students, teachers, parents, and community partners in rural areas
may not know what careers are available in STEM areas.
Attending a Family STEM Night and participating in the Family STEM Backpack
program provided opportunities to participate in STEM activities and learn about STEM
careers. The focused goal of this project is to determine what impacts a Family STEM
Night along with Family STEM backpack projects had on rural students’ and parents’
level of awareness of STEM and STEM careers. The following research questions are
addressed:
•

What happens to parents’ levels of awareness of STEM and STEM careers after
participating in family STEM night and engaging in family STEM backpack
projects at a rural elementary school?

•

What happens to students’ levels of awareness of STEM and STEM careers after
participating in family STEM night and engaging in family STEM backpack
projects at a rural elementary school?
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Methods Overview
A Family STEM Night was hosted at a rural school in Nebraska. This school is a
two section (meaning two classrooms for each grade level) PreK-5th Title 1 School with
approximately 300 students located in a rural community with around 1,000 residents.
The researcher is the director of the Family STEM Night and facilitator of the Family
STEM Backpack program. Teachers from the building helped to facilitate the activities
that the director had planned during Family STEM Night. This event took place before
families participated in the Family STEM Backpack program.
Families began Family STEM Night by picking up a passport (see Appendix G)
that they used to navigate through all of the activities being offered during the event.
Several of the activities came from Family Engineering: An Activity & Event Planning
Guide (Jackson, Heil, Chadde & Hutzler, 2001). This guide was used because it promotes
21st Century skills of inquiry, creativity, teamwork and collaboration as well as including
activities that are inviting to diverse audiences while making connections to STEM
careers. There were 11 STEM activities set up throughout the building. Each of the
eleven activities had a display board with directions and connections to careers in STEM.

Figure 1. Big Block building for younger students at Family STEM Night.
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Figure 2. Block building at Family STEM Night.

Figure 3. Tallest Towers at Family STEM Night.
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Figure 4. Thrill Seekers activity at Family STEM Night
Students earned a treat in the gym by visiting different activities. Families were
asked to stay together as a unit during the entire event. After attending Family STEM
Night, families with students in the 3rd grade were introduced to Family STEM
Backpacks. There were four different backpacks put together that focused on critical
thinking and problem solving, communication, collaboration, creativity through the
engineering design process, as well as a smaller activity regarding STEM careers.
Prior to Family STEM Night, parents completed a pre-event survey regarding
their attitudes toward STEM. This survey was sent home as soon as all consent/assent
forms were completed. Students and parents both took part in pre-project interviews held
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at the school. After participating in Family STEM Night and Family STEM Backpacks
students took a post-project Survey and, as a family, they completed a different postevent survey. Students and parents both completed a post-project interview at the school.
Definition of Key Terms
STEM: STEM is an acronym for science, technology, engineering, and mathematics.
STEM education is where you mix real-world lessons and apply them to the areas of
science, technology, engineering and mathematics. STEM education is all about working
collaboratively and problem solving.
Family STEM Night: Family STEM night is held after school hours in the school. It is a
hands-on event that focuses on the areas of STEM. Families problem solve and work
together throughout the night while also making connections to STEM careers.
Rural: Rural is a town with a population of less than 5,000 people where many of the
students live in a country setting.
STEM Projects: STEM Projects are based around the four disciplines of Science,
Technology, Engineering and Mathematics. STEM projects are hands-on and involve
collaboration to problem solve.
Elementary: Elementary is a time of education that comes after preschool and before
high school. Elementary are viewed as grades K-5.
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CHAPTER 2: LITERATURE REVIEW
Overview
Areas of interest in STEM careers, home projects, rural schools, and community
partnerships are the focus of the literature review. The research on STEM careers is
focused on delivering STEM education early in life to start a solid foundation in STEM
skills at a young age. My research on home projects focuses on studies that include
hands-on work being done at home as a family. Rural schools are also an area of study
and in this area the focus is on rural teacher perceptions of STEM education, as well as
how we can adapt our classrooms to run more like rural communities, and the availability
of STEM resources in rural areas. To round out the research there is a focus on
Community Partnerships. Stakeholders in our community need to be involved in STEM
education for the betterment of our community. Students may come back to their
hometown to work in a STEM field. These are the areas that were considered when
collecting data to answer the research questions. We can see from the research already
completed that there is still a lot of work that needs to be done, especially in rural areas,
to get our families involved in STEM activities at home, at school and in our
communities. Families (community stakeholders) play a big role in this research.
Interest in Stem Careers
The area of STEM careers are discussed in this portion of the literature review.
You will learn from this section the importance of introducing STEM early in a child’s
life and the importance of fulfilling STEM careers not only locally, but nationally as well.
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The disciplines of science, technology, engineering, and mathematics (STEM) have
experienced problems in producing adequate numbers of graduates to meet workforce
needs in these fields (Hall, Dickerson, Batt, Kauffmann, & Bosse, 2011). Interest in
STEM careers needs to increase in order to fill the workforce needs of the 21st century.
While many sources support this position, others contest it. A study for the Economic
Policy Institute finds that U.S. colleges and universities provide an ample supply of
highly qualified science, technology, engineering and math (STEM) graduates (Salzman,
Kuehn, & Lowell, 2013). If a student has never been exposed to an area, then interest
cannot develop in these areas (Hall, Dickerson, Batts, Kauffmann, & Bosse, 2011). This
is one of the reasons why STEM activities need to be introduced to children as early as
possible in their education. In an article by J.D. Chesloff for Education Week, he states,
“Investing to ensure a pipeline of workers skilled in STEM competencies is a workforce
issue, an economic-development issue, and a business imperative. And the best way to
ensure return on these investments is to start fostering these skills in young children” he
continues to say that, “It is my feeling that you can't start early enough: Young children
are natural-born scientists and engineers” (Chesloff, 2013, para. 1).
Currently, American students’ performance and enthusiasm in STEM education
are inadequate for the US to maintain its leadership in STEM professions unless the
government takes more actions to motivate a new generation of US students toward
STEM careers (Hossain & Robinson, 2012). Recently, both the Common Core State
Standards for Mathematics (CCSSM) and the Next Generation Science Standards
(NGSS) have called for more and deeper connections among the STEM subjects (Honey,
Pearson, & Schweingruber, 2014). While they do help the cause, it is the grassroots of
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schools that can lay the foundation for STEM. Educators need to be the force behind the
STEM movement and if our schools are not currently teaching STEM, they need to
(Gomez & Albrecht, 2013.)
To strengthen the economy and leadership of the nation, our country needs to
prepare a substantive number of Americans citizens to be capable of working and leading
in the nation’s science and technology sectors (Hossain & Robinson 2012). To target
students and prepare them for STEM leadership roles, they first need to have an interest
and motivation for STEM fields. If our next generation is to become the innovators, we
need them to be, our country must make sure that students are exposed to STEM early so
that we can mold positive attitudes about the different disciplines around them. Exposure
to STEM education needs to happen for students across the board, from elementary to
graduate levels. To increase young students’ interest and enthusiasm in STEM careers,
there are some actions that can be taken (Hossain & Robinson, 2012). Schools can
increase interest by hosting activities like a Family STEM Night to show students how
much fun they can have exploring all of the disciplines and careers involved in STEM.
Students need to be involved in hands-on STEM activities to make the connection
between education and future careers (McCrea, 2010).
Not all of the researchers agree that there is a lack of interest in STEM careers,
but research supporting early introduction to STEM education to promote STEM careers
certainly outweighs the contradiction. Several researchers find an early introduction to
STEM important to later interest in STEM careers.
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Home Projects
Doing STEM projects at home as a family is specifically discussed here. Home
projects are great activities for children to do with their families when they still need
some guidance with the task at hand. We can make these home learning experiences,
even better when we make them connect to real world problems and make the skills
practiced more specific. Young children learn best through hands-on activities and realworld experiences (Bredekamp & Copple, 1997). So, it would only make sense that
students would learn best at home by doing hands-on activities and having personalized
experiences. When having these at-home experiences students would still need some
guidance and this is where parents and family members would get involved. “Homework
has traditionally been thought of as paper-and pencil tasks done at home to reinforce
learning from the day at school” (Trahan & Lawler-Prince, 1999, p. 65). We can change
the way students learn at home as much as we can change how they learn while they are
in our classrooms.
Trahan and Lawler-Prince (1999) found that the diverse families that they worked
with, and most American families lead very hectic lives with very little “quality time”
together. Having shared learning experiences could be a way to improve the quality of
time that families have together, but we would also have to be understanding of the busy
schedules that so many families have at home. As educators, we must be respectful of
that time and use that time the best way that we can. We can facilitate that by having
materials and activities planned out and well organized so that time is not wasted on
small details of an at home activity.

11
Family backpacks are “mobile learning centers” (Kokoski & Downing-Leffler,
1995, p. 37), especially when they are well thought out and personalized to family and
student interest. These activities call for collaboration within the family unit and contain
every variable that is needed for a successful at-home learning experience. Families will
have all they need within their Family Backpack Project and there won’t be a need to
seek out any other supplies or materials, eliminating any monetary burden on families
and thus keeping resources equitable. This also makes Family Backpacks accessible to all
families regardless of income or background knowledge.
Research shows us the importance of at home, hands-on activities for families.
We are also able to see that it is important that teachers make sure that time at home is
fully utilized and that the activities are quality activities. This area of research also
highlights Family backpacks as “mobile learning centers.”
Rural Schools
Rural schools are another area that was looked at in preparing for this research.
We know that rural communities often do not have the resources that larger communities
may have to expose students to STEM experiences. We also know that not all rural
teachers are familiar with STEM education. There is an interesting connection to making
our rural schools run like rural communities and taking all the good things that happen in
rural communities and applying those things to our classrooms. Changing attitudes of
educators and community leaders are a critical challenge (Harmon, Gordainer, Henry, &
George, 2007). This can be increasingly harder in a rural school where teachers are
already dealing with less competitive salaries, fewer specializations, and limited support
services (Monk, 2007). The idea of STEM is an entirely new concept for many veteran,
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rural schoolteachers. However, the ideals that students find in rural communities are
essentially what effective classrooms need to run.
A survey of over 100 students at Western Carolina University investigated their
experiences with rural life (Harmon et al., 2007). Their responses were overwhelmingly
positive, indicating that a sense of home, family, community, and smallness of scale
represent the best qualities of rural life. It is essential for schools to encompass all of the
wonderful things that these students saw in their own rural communities. Frequently used
words to describe their communities from the survey were “peaceful,” “safe,” and
“warm” (Harmon et al., 2007). It is evident that these are the words that educators should
want to describe their own classrooms. In rural communities, the members must work
together for the good of the town. Students need to bring that sense of small-town
community into our classrooms and by thinking critically and problem solving,
communicating, collaborating and being creative/innovative we can do that.
Rural schools are an important part of this research. The research in this section
shows us that rural schools often do not have the resources that larger urban areas may
have in the area of STEM. Rural schools were identified by researchers in this section to
sometimes not have teachers that familiar with STEM education.
Community Partnership
The last area that was looked at for this research was community partnerships. It
is important, especially in a rural community, to have the entire community involved in
activities. This is beneficial to the school and the community. The success of a school's
partnership program to affect student achievement may depend on the degree to which
the activities that are implemented are able to meet the severe challenge of involving
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families who are the most difficult to reach (Sheldon & Epstein, 2005). For all students to
gain higher achievement, as educators, we must support and facilitate opportunities for
the community and families to get involved at school. A study done by Sheldon and
Epstein, (2005) found that family and community involvement activities can help
improve student learning and achievement in mathematics. Mathematics is one of the
main focuses of STEM education.
It is important that the entire community be involved in our push for STEM
education as attitudes about the areas of STEM are all around our students. If we can not
only educate our students, but educate their families and communities too, then we can be
sure that all stakeholders in our community have a positive introduction to STEM. If we
don’t make that introduction, someone else might who doesn’t shed the positive light on
it that we can. In order to make a bigger impact we must involve not only our school
children and families, but we also must include our community partners, “Communitybased programs that create awareness about STEM for both children and their family
members may be key components for igniting long-term academic interest in STEM”
(VanMeter-Adams, Frankenfeld, Bases, Espina, & Liotta, 2014, p. 687).
Overall, this research shows us how important community partnerships are within
a school. There can be a positive impact in areas of STEM when we bring communities
together to learn about it. A key take-away from this section is the research done on
STEM introduction at schools and the long-term academic interest in STEM later.
Summary
The research gathered regarding STEM careers, home projects, rural schools, and
community partnerships indicates that 1) there is a shortage of interest in STEM careers,
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2) having students and families participate in shared learning experiences is important, 3)
students in rural schools may not have access to resources that put more focus on STEM
activities and 4) community and family involvement is essential to student success.
The current research leads us to continue the study of the impacts of STEM
education on rural communities and the outcomes it has on students and parents. To
further the work that has already been done I hosted a Family STEM Night and facilitated
Family STEM backpack projects to encourage families to work together with the school.
Within these activities included information on STEM careers and have students working
in collaborative family groups with members of the community. The goal of this study
was to determine what impacts a Family STEM Night along with Family STEM
backpack projects had on a rural community. Specifically, we look at students’ and
parents’ level of awareness of STEM and STEM careers.

.
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CHAPTER 3: METHODS
Overview
This project began during the 2018-2019 school year. I used the early months of
the school year to plan out the experiences that would take place during my research.
Appendix A lists the schedules followed by the STEM Director and Facilitators in getting
Family STEM Night off and running. Since several teachers were facilitators for Family
STEM Night it was important that everyone was always aware of the schedule (See
Appendix A) for the event.
This planning included the IRB approval process and literature review. While
diving into all of this information, I found that I would like to work with both students
and their families in order to more accurately answer my research questions. In order to
expose families to more STEM, the planning of Family STEM Backpacks started.
Families used the engineering design process to work on their Family Backpack projects.
This project officially started in January after I obtained IRB approval. In February of
2019, I had student and parent consent from all participating families. In order to get
students and families excited about our Family STEM Night a “commercial” was made
and posted to the school’s Facebook page. We also advertised the event in the local
paper, the school’s newsletter, and a school email sent out about the night. (See Appendix
F for media)
Research Questions
This is an action research study where surveys and interviews were used to collect
data on my research questions. I used pre- and post- event surveys and interviews with
both students and their families to address the following research questions:

•
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What happens to parents’ levels of awareness of STEM and STEM careers
after participating in family STEM night and engaging in family STEM
backpack projects at a rural elementary school?

•

What happens to students’ levels of awareness of STEM and STEM
careers after participating in family STEM night and engaging in family
STEM backpack projects at a rural elementary school?

Context of the Study
A Family STEM Night was hosted at a rural, Title 1 school in central Nebraska.
This school has two classrooms for each grade level from Preschool to 5 grade with
th

approximately 300 total students located in a rural community with just under 1,000
residents. I am both the researcher and the director of the Family STEM Night. Teachers
helped to facilitate the activities that I had planned. RSVP’s were sent out during the
month leading up to Family STEM Night to get a better estimate of numbers and to be
sure we had enough supplies for everyone. To promote our Family STEM Night, we
utilized informational brochures, RSVPs, Save the Dates, the local newspaper,
newsletters, and social media postings (see Appendix F).
Prior to this event, students and parents completed their pre-project surveys and
interviews. Upon arriving at Family STEM Night families were given a passport (see
Appendix G) to help navigate through all of the activities. Once they had their passports
families were ushered into the gym where I gave a short welcome presentation.
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Figure 5. Ozobots at Family STEM Night.

Figure 6. Catapults at Family STEM Night.
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Figure 7. BreakoutEDU at Family STEM Night
Each STEM activity was introduced to the family on a display board when they
entered the room of the activity. This display board told families about the activity they
would be participating in as well as made connections to the design process and STEM
careers. Teachers made their own display boards for the activity that they were hosting,
and all display boards were unique.

Figure 8. Example 1 of STEM activity display board
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Figure 9. Example 2 of STEM activity display board

Figure 10. Example 3 of STEM activity display board
While at Family STEM night there were multiple areas to learn about STEM
careers. Each display board had suggestions for careers to match the activity and bulletins
were hung throughout the building with information about STEM careers. One special
aspect of Family STEM Night was the main hallway of the school displayed a STEM
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career for every letter of the alphabet. Families would need to walk through our STEM
Career Hallway in order to enter and exit our building. It was the last visual they would
see at the end of the night. Family STEM Night had a total attendance of 350 people in a
town with a total population of around 1,000.

Figure 11. The first section of the Careers in STEM Hallway.
After attending Family STEM Night, families with students in the third grade
were introduced to Family STEM backpack projects. There were four different backpacks
that focused on critical thinking and problem solving, communication, collaboration,
creativity using the engineering design process as well as an activity linked to STEM
careers.
Participants
Convenience sampling (Creswell, 2014) was utilized to collect data from students
and parents/community partners from this rural school district and specifically from the
elementary school. While all students from the school were invited to Family STEM
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Night, only the third-grade class participated in Family STEM backpack projects. From
the third-grade classrooms, there were six students who participated in this research; of
the six, three were girls and three were boys. Since there are two sections (or classrooms)
for third grade, there were three students picked from each of the rooms. The parents of
those six students also participated in this research. For one student participant, her
grandmother is her primary caregiver and took over the parent role for this research.

Figure 12. Students with their Family STEM Backpack.
Data Collection
Parents involved in this research completed a pre-project survey regarding their
attitudes on STEM. Before the event I interviewed both parents and students participating
in this research study. Students and parents were interviewed again after the event and
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family STEM backpack projects were complete. Interviews included open-ended
questions (Appendix B).
Surveys
A Parents’ STEM Awareness Survey was sent home prior to any STEM
events/projects and they were given back to the researcher by February 27, 2019. Both
parents and students completed post-event surveys. See appendices C, D and E.
Interviews
Students participated in semi-structured pre-project interviews on February 21,
2019 and parents completed theirs on February 28, 2019. These interviews were held at
the school. On May 13, 2019 both student and parent post-project interviews were given.
See appendix B.
Data Analysis
Survey data were analyzed and represented in data displays including bar graphs
and tables, generated by word and google forms software. Short answers from individual
questions were coded and analyzed in a manner consistent with the constant comparative
method (Glaser, 1965). Data were also analyzed to see if changes were made in
perceptions of STEM and to see if there was growth in knowledge of careers in STEM
and the area of STEM in general.
Summary
A wide variety of data were collected over the spring of 2019 before and after
Family STEM Events. Some of this data was in the form of surveys while other data was
collected during interviews. All interviews were held at the elementary school in which
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the students attend. Surveys were completed at home. Data analysis employed qualitative
techniques and representations for survey data.
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CHAPTER 4: FINDINGS
Overview
As existing research shows the value of exposing children to STEM at a young
age and including families and community partners in STEM experiences my findings
add to this existing research. The data that I collected shows that attitudes and
understanding about STEM education at this rural school improved after families
participated in STEM activities, such as Family STEM Night and Family STEM
Backpack projects. While careers exploration didn’t make as many gains, many strides
were made in community/family involvement and home-based projects.
STEM Is Not Complicated
Before this research began data showed that parents were confused about STEM.
They know what the letters in STEM stood for, but they weren’t really sure if they
worked together or what that would look like. Parents and students both had a belief that
STEM would include lots of homework. Parents were unsure of what STEM looks like or
how it would or could be used in the school. Table 1 shows us how parents interpreted
what STEM activities would like at school.
Table 1
Parent Quotes Prior to STEM Activities
Parent quotes about “what does a STEM activity look like at school?” (PreEvent Interview Question)
Parent
A

I’m not aware of what that would look like.

Parent
B

Students using technology like iPads, computer carts, and projectors.
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Parent
C

We don’t have STEM at the school.

Parent
D

I don’t know if they do STEM at our school.

Parent
E

I’m not sure.

Parent
F

I don’t think they push STEM at our school so I don’t know what it would
look like if they did.

After conducting Post-Project Interviews parents were able to see, as one parent
stated, “STEM is not as complicated as I initially thought STEM stuff would be. It all
makes sense.” This was an overall theme of parents’ attitude about STEM changing after
participating in this project. One parent stated, “Our attitude about STEM changed
because we thought it would be a lot of homework and it would be really hard. It turns
out that we did all of the work together in teams and it was really fun and interesting.”
One parent shared that their attitude about STEM “greatly changed” and that “it was
wonderful that all of this knowledge and experience is given not only to kids but to the
parents as well. The parents and the students both learned new things and that was pretty
special.”
There was a positive change in perceptions of STEM after this research was
completed. Before this research was conducted, parents were very confused about what
STEM was and what it would look like at school. Parents and students demonstrated a
more accurate perception and positive attitude about STEM after completing the Family
STEM activities.
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STEM Gender Roles
When asked about STEM, I was interested to find that many students did not have
a STEM role model and if they did, that role model is a male. Figure 13 shows student
survey responses to the question about STEM role models; these responses were openended and they could respond anyway they would like.

Figure 13. Responses of students when asked if they have a STEM role model.

This was also true for the parents. Each parent I interviewed either did not have a
role model, or that role model was a male. Twice, that role model was a husband. Figure
13 summarizes these responses.
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Figure 14. Summary of parent responses about STEM role models.
Another gender discrepancy I saw in my research was the role of moms and dads.
In my research, the mothers were the parent that came into the school for the pre- and
post-event interviews. While the mothers attended the interviews, often times the father
was the one to complete the pre-post event surveys. For this research, both mothers and
fathers did attend the Family STEM Night and help with the STEM Backpack Projects.
Results in this section show us that when it comes to STEM we need to do a
better job of representing all genders. Students and parents were both unable to identify
science and math role models that were not male. This has an interesting connection to
the gender roles that were used in completing research of this study with dads filling out
the surveys, but mothers being the ones to come to school and do the interviews.
Careers in STEM
Careers were given attention during both Family STEM Night and Family
Backpack projects. The display boards introducing activities at the Family STEM Night
all featured different STEM careers. There were several STEM Careers posters around
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the building that the family event was held in and a wall of STEM careers. Careers were
the specific focus of the STEM Backpack projects in a game called, “Who Engineered
It?.” There were not large pre-post gains in career awareness. Upon reflection and reexamination of the STEM Family Night and STEM Backpack projects, I realized that
there were relatively few activities that promoted STEM career awareness. Only one
activity explicitly promoted STEM career awareness, while the rest of the activities had
only implicit connections to STEM careers.
Table 2
Table of Careers

Note. This table shows student career choice before STEM events as well as their
knowledge of STEM careers before and after STEM events.
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While there were not huge gains in the area of STEM careers after participating in
Family STEM activities there was still new knowledge attained about careers. Students
were all able to name one STEM career they would be interested in.
STEM Is Important in Schools
Several parents stated that, after participating in Family STEM projects, they
believed that STEM education is important in schools. One parent commented,
“Absolutely, we should have STEM in schools and more activities.” When asking
students about technology, one student answered, “We don’t do that at school, but I am
good at Moby Max, typing club, and taking AR tests with technology.” The research
certainly indicated that students do not know what engineering is or how it is used in
schools.

Figure 15. Summary of student responses about STEM-engineering
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Figure 15 shows that students either “don’t know” about engineering or are
confused about how/where they do it.
I was able to find from this research that many students didn’t know what STEM
was or what Engineering was before taking part in Family STEM activities. Students
seemed confused about what engineering was and how we would use that at school.
After using the engineering design process during Family STEM Backpack Projects
students were able to use that design process to complete those activities. Parents are all
agreed that STEM is important for schools after participating in these Family STEM
activities.
Working as a Team
“It was great to see how everyone approached the problem we were working on
differently,” one parent shared. This seemed to become an overall theme from parents
and students regarding comments about working together as a team on Family STEM
projects. Families often commented that they enjoyed seeing that everyone had different
ideas, but collectively the best solution came from putting their ideas together. One
parent commented, “Working as a team and bouncing ideas off each other helped us to
solve the problem.” A different parent commented that she “enjoyed seeing how
everyone approached the problem differently.” Another common theme was that families
enjoyed the dedicated time together and learning from each other. “My favorite part
about working as family team was all of the time we had together and bouncing ideas off
of each other.”
“The bonding time with my child has been wonderful with life being very busy
and feeling like a roller coaster at times.” This statement comes from a grandmother who
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helped her grandchild on the STEM Projects. Life does get busy and some students go
home to different circumstances and family dynamics. The STEM Backpack projects and
Family STEM night gave these families an opportunity to spend focused time together.

Figure 16. Summary of student responses about family teams
The findings in this section show us that both students and their families enjoy
working together as a team. It was especially interesting to hear how working as a team
they were able to come up with better designs. This also showed us that parents enjoyed
the quality family time they were able to spend with their children by doing these Family
STEM activities.
Summary
By participating in Family STEM Night and Family STEM Backpack projects
families and students were able to experience STEM in a positive light. Students and
parents commented that what they learned about STEM was not what they had assumed it
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was before participating in this research. Families also reported that they enjoyed the
collaboration of working as a team and learning from each other. They were often
surprised by what they learned from another family member. Careers did not get enough
focus during this research, but students could all list an engineering career after
participating in Family STEM projects after not being able to list engineering careers
before the research began. Community members, parents, students, teachers were all able
to participate in Family STEM Night and many reported thinking that STEM is important
to teach in school. Several students reported wanting there to be more STEM in school.
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CHAPTER 5: DISCUSSION AND CONCLUSIONS
Overview
This research has led me to understand my school and community better. I know
that we need to do more to teach our students about STEM and especially the areas of
technology and engineering. I do not want students to think that computer science is
typing and taking tests. I have also learned that engineering and following the
engineering design process is something kids love and have fun doing. One of the biggest
takeaways from this research is that collaboration is the way that most students learn and
how they enjoy learning. Teamwork is important and STEM lends itself to teamwork
quite nicely. I have also learned that parents want to work with their kids, but they want it
to be fun and valuable. Parents that participated in this research truly enjoyed and
appreciated this focused time with their children. If we are to get students to believe in
STEM education, we must get their parents to understand and support it. The insights this
research provided me may also be useful for other teachers, administrators, and
researchers interested in STEM family events, STEM Backpacks, encouraging STEM
careers, and STEM education in rural communities.
Discussion
The disciplines of science, technology, engineering, and mathematics (STEM)
have experienced problems in producing adequate numbers of graduates to meet
workforce needs in these fields (Hall, Dickerson, Batts, Kauffmann, & Bosse, 2011).
The use of STEM Backpacks and Family STEM Night was still not enough to get
students interested in several STEM careers after participating in one Family STEM
Night along with one Family Backpack project. More work needs to be done in this area
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and it needs to be more focused on careers to see a better growth in STEM Careers
knowledge. However, all students in this research study could tell me about a career in
STEM that they were personally interested in after being involved in these STEM
activities. Prior to these activities they did not know what any STEM careers were. (See
Table 1) That is progress, but much more research and work need to be done in that area.
Similar to knowing about STEM careers students also seemed confused about
what technology and engineering education is. Several students noted that we did not
teach technology at school, but then would say that we do use technology, but it is for
testing, games, or typing club. This is worrisome. While students were able to recognize
that engineering was not being taught at the school, they could reveal things they do at
home to engineer or fix problems. I liked seeing that they could make that connection.
One student had answered the question of “How good are you in Engineering” with an
answer of, “We don’t have engineering at our school, but at home I am good at fixing the
lawn mower.” This is promising to me that they are starting to make real-life connections
to fixing problems and engineering. While students may not have learned as much as I
would have liked them to learn about STEM careers during these STEM experiences, I
am happy that all participants could name a career in STEM after participating.
Young children learn best through hands-on activities and through actual
experiences (Bredekamp & Copple, 1997). Students and families enjoyed working in
teams at home on their STEM projects. Parents and students alike took ownership of their
learning when working as a team. Working hands-on with materials and having these
STEM experiences as a family led to parents and students both having more interest in
STEM related activities.
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Changing attitudes of educators and community leaders is a critical challenge
(Harmon, Gordainer, Henry, & George, 2007). One of the most prominent takeaways
from this research and hosting a Family STEM Night and participating in Family STEM
Backpack projects was the attitudes it changed within our building of educators and
families. Family STEM Night had an overwhelmingly positive response. You can see in
Appendix F, there was media attention in our local newspaper and on social media about
the positive things that happened during Family STEM Night.
For all students to gain higher achievement, as educators, we must support and
facilitate opportunities for the community and families to get involved at school (Sheldon
and Epstein, 2005). Family STEM Nights have proven to be a great way to support and
facilitate opportunities among our students, parents, and community members. When we
make engagement meaningful and fun, everyone wins. It is important for parents to feel
comfortable coming into our school, their child’s second home, and Family STEM Nights
give them the chance to do that. Family Backpack programs offer an extension from
school to home and have students working on the engineering design process.
Conclusions
Family STEM events included in this research study had a positive impact on
quality family time together as well as a positive impact on collaboration and learning in
teams. Next year, I will host Family STEM Night again and put a bigger focus on careers.
Family STEM Night and Family Backpacks are something that may benefit every school,
family, and educator. Next year, I would like to continue STEM Backpacks in the 3rd
grade but have classroom teachers take more ownership of the activity. I plan to train
teachers on how to make the STEM Backpacks and help them to create a rubric to use for
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when the Backpack comes back. Communities may benefit from students using the
Engineering Design Process through STEM education to help their communities thrive in
the future. Before participating in Family STEM projects parents did not have a good
understanding of STEM and had a very neutral attitude towards STEM. After
participating in Family STEM projects all research participants have a positive attitude
about STEM and are excited about more STEM projects in the future.
Seeing the results that we had in my school I would also like to take the necessary
actions to present this research to others. I plan to share this research at NATM/NATS
this fall. I believe schools and communities may benefit from these STEM projects.
Limitations
Limitations to the study were the small sample size. Only six students were
chosen to participate in the study along with their families. Also, several students in the
study had a connection to education that may have started them off with more knowledge
of STEM. A rather large limitation in the study happened when there was an interruption
in the study due to the Nebraska Floods of 2019 having a huge impact on this
community. Another limitation to this study was that the Engineering Design Process was
not pre-taught during the school day. This process confused some students when they
went to fill out their STEM Family Backpack journal.
Future Research
There is a place for further research regarding both Family STEM Nights and
Family Backpacks, as both activities are fairly new and there is limited research.
Specifically, holding this research in a rural community would be important and seeing if
the trends hold true for all rural communities. Research could also include robotics in the
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Family STEM backpacks as well as effects on state testing scores in Mathematics and
Science after participating in Family STEM events. We could facilitate this research by
including robotics in our STEM Backpacks and by documenting state tests scores from
year to year. I believe there is also room for more research in interest in STEM careers
after taking part in Family STEM events. This could be facilitated by putting a stronger
focus on STEM careers during Family STEM events or by having a Family STEM Night
completely focused on careers.
Recommendations
Family STEM Night and Family STEM Backpack projects were a success at our
rural school. However, there are some changes I would make and would suggest other
schools make when hosting their own Family STEM events. First, I would separate
Family STEM Night and Family STEM Careers Night. I believe taking one night and
being more intentional with STEM careers discovery would be a benefit to your school
and community. When using Family STEM Backpacks, I think linking them to specific
standards you are covering in the classroom would be important. This way students are
doing a fun Home Project while also learning about specific skills that they need. A
rubric will then need to be created for the backpack project in order to give it a little more
importance to the student and family completing it. Another change to Family STEM
Backpacks that a school district could make would be in including robotics within the
Family STEM Backpack program. Families would have to enter under a signed contract
with the school in order to take responsibility for cost of damages of the robotics used. It
would be important to continue to offer Family STEM Backpacks that do not include this

38
technology so that if a parent doesn’t want to take responsibility for the costs then there
would still be an activity for that family to work on.
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APPENDIX A: Planning

Family STEM Night
2019
Event Planning Schedule
October 2018

Assemble the Planning Committees
Math/Science Committee
Student Council
Music Teacher
Set Event Date and secure building
Once DATE is set be sure to cancel ASP for that night

November 2018

Choose Activities for Family STEM Night
Make a shopping list for Family STEM Night (bring to December
meeting)
Contact Donors/Grants-Ozobots

December 2018

Send home 1st EVENT Flyer-SAVE THE DATE
Put on Schools Calendar
Put in Weekly Newsletters
Schedule facilitators to help host the event
******** is a contact person at the high school if we need
high school volunteers.
Compile needs list (donated or purchased)
Order Display boards-10 display boards
Schedule Training Sessions
Contact Opaa about Cookies (400 cookies)

January 2019

Send home 2nd EVENT Flyer and RSVP
Family Name, # of members attending
Training Sessions-if needed
Poster Completion
********advertising-invite to event
Local 4
Confirm all facilitators
Make Poster *****(students sign)
Confirm Cookies (

February 2019
2 Weeks Before

Finalize Event Schedule
Monitor registrations
STEM Night “commercial” posted on the *** Facebook page
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Hand out RSVP’s at conferences to families that haven’t RSVP’d
If donations still needed we can ask during conferences
Week of Event

Send Reminders
Flyers on Facebook pages
Confirm Cookies and Make payment
Ozobot training

The night before Event

Make an announcement on School-Reach

The day of Event
classrooms

Have teachers play the Facebook commercial in their

Family STEM Night
2019
Day of Event Schedule
3:30-4:30pm

Event Set Up
Set up Sound System in the gym (hallway before)
Facilitators set up activities in classrooms
Refreshment (cookies 400) set up in gym (hallway)
Welcome Posters/Directional Signs/STEM Balloons
Place extra passports in each classroom
Hang ***** Poster/Thank You
Post OPEN/FULL Signs (give to Facilitators)
Dream Big video set up-projector

5:45-6:05pm

Families Arrive, Begin in the Gym
(Facilitators stay in rooms to continue set up/prepare)
Passports handed out at the door-one per family (student

council)
6pm

6:05-7pm

Director WELCOME
-Thank Committee and Admin
-Thank **** (ozobots)
-Mrs. Brandt and Mrs. Zessin
-Student Council
-Explain how the passport works
-Open/Full
-Families stay together
-cookies
Families start activities
Families stay together
Start in any classroom
Switch Dream Big to the large TV

45
7:15pm
7:30 pm

Mr. ****** gives 15 minutes wrap up alert
Wrap Up activities
Announcement/Thank you over the Phone System (Mr.***)
Remind families to stop in the gym for cookies

7:30-8pm

Clean up
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APPENDIX B: Interview Questions
Parent and Student Interview Questions
Pre and Post-Event/Projects
Student Interview Questions

Student interviews will be focused on a subset of these questions.
1.
2.
3.
4.
5.

What is your favorite subject in school?
Do you have a Science or Math role model?
Does your family ever work together as a team to build things?
Do you like working as a family team?
We use “STEM” to talk about science, technology, engineering, and math. What
does it look like to you when we do STEM activities at school?
6. Do you like the STEM activities more or less than other activities? Why?
7. What kind of job do you want to have when you grow up?
8. Do you know of any STEM careers
9. How successful do you feel about using STEM skills in and out of class? Give an
example of how you use STEM outside of class.
10. How good in STEM are you?
a.
How good are you in math?
b.
How good are you in science?
c.
How good are you with technology?
d.
How good are you with engineering?
Compared to other school subjects, how good are you at STEM?
How well do you expect to do in STEM this year?
.
How well do you expect to do in Math this year?
a.
How well do you expect to do in Science this year?
b.
How well do you expect to do with Technology this year?
c.
How well do you expect to do with engineering this year?
How good are you at learning new things in STEM?
Is there anything you want to know from me?
Is there anything else I should know about you to better understand your attitudes toward
STEM or your STEM experiences in general?
After Family STEM Night add these questions:
Did any STEM-related jobs you learned about interest you?
How has your attitude about STEM changed since attending family STEM night
and participating in the backpack project?
1.
2.

Is there a new career you might be interested in since attending Family STEM
night or doing STEM activities?
3.
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4.
After participating in family STEM activities do you believe STEM education is
important in schools?
5.

What was your favorite STEM activity either at home or at school?

6.

What changes would you make to the backpack program?

Was a week long enough to complete the STEM family backpack project?
(Keeping in mind there would be less paperwork when this project is NOT done for
research)
7.

8.

What was your favorite part about working as a family team?
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Parent Interview Questions
Parent interviews will be focused on a subset of these questions.
15.
What was your favorite subject in school?
16.
Do you have a Science or Math role model?
17.
Does your family ever work together as a team to build things?
18.
Do you like working as a family team?
19.
We use “STEM” to talk about science, technology, engineering, and math. What
does it look like when your child does STEM activities at school?
20.
Do you like like child doing STEM activities more or less than other activities?
Why?
21.
What kind of job do you want your child to have when they grow up?
22.
How successful do you feel about using STEM skills? Give an example of how
you use STEM.
23.
How good in STEM are you?
a.
How good are you in math?
b.
How good are you in science?
c.
How good are you with technology?
d.
How good are you with engineering?
24.
Compared to other school subjects, how good were you at STEM subjects
.
Math
a.
Science
b.
Engineering
c.
Technology
25.
How well do you expect your child to do in STEM this year?
.
How well do you expect them to do in Math this year?
a.
How well do you expect them to do in Science this year?
b.
How well do you expect them to do with Technology this year?
c.
How well do you expect them to do with engineering this year?
26.
How good are you at learning new things in STEM?
27.
Is there anything you want to know from me?
28.
Is there anything else I should know about you to better understand your attitudes
toward STEM or your STEM experiences in general?
After Family STEM Night and Backpack Program Complete add these questions:
Did any STEM-related jobs you learned about interest you or your child?
How has your attitude about STEM changed since attending family STEM night
and participating in the backpack project?
1.
2.

Is there a new career you (or your student) might be interested in since attending
Family STEM night or doing STEM activities?
3.

After participating in family STEM activities do you believe STEM education is
important in schools?
4.
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5.

What was your favorite STEM activity either at home or at school?

6.

What changes would you make to the backpack program?

Was a week long enough to complete the STEM family backpack project?
(Keeping in mind there would be less paperwork when this project is NOT done for
research)
7.

8.

What was your favorite part about working as a family team?
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APPENDIX C: Awareness Survey
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APPENDIX D: Family Post-Project Survey

1. Email address
2. How many members of your family attended WRES Family STEM Night? *
3. Did you know what STEM stood for before WRES Family STEM Night was
introduced? Check all that apply.
Yes
No
4. Do you know what STEM stands for now? Mark only one oval.
Yes
No
5. Which Family STEM Night activity did your family enjoy the most? * Mark only one
oval.
Kinetic Sand (cafeteria)
Build a Boat (cafeteria)
Break Out Boxes (music room) Ozobots (library)
Snap Circuits (library)
Straw Rockets (1st)
Sound (2nd)
Legos (Kindergarten)
Lego Communication (4th) Catapults (5th)
Thrill Seekers (5th)
Tallest Tower (3rd)
6. Why was this your favorite Family STEM Night activity?
7. How many Family STEM Night activities were you able to complete? Mark only one
oval.
1--2
3--4
5--6
7--8
9--10
11--12
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8. Our family enjoyed WRES Family STEM Night * Mark only one oval.
1 Strongly Disagree----5 Strongly Agree
9. What are some changes you would like to see for WRES Family STEM Night?
10. WRES Family STEM Night encouraged our family to work together as a team. *
Mark only one oval.
1 Strongly Disagree----5 Strongly Agree
11. Our family learned about occupations related to STEM * Mark only one oval.
1 Strongly Disagree----5 Strongly Agree
12. STEM (Science, Technology, Engineering, and Mathematics) subjects are important
to my child/children's education. *
1 Strongly Disagree----5 Strongly Agree
13. I have a desire for my student(s) to enter a STEM--related field one day. * Mark only
one oval.
1 Strongly Disagree----5 Strongly Agree
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Appendix E: Student Post-Project Survey

Post-Project Student Survey
1=strongly disagree
2=disagree
3=neither agree or disagree
4=agree
5=strongly agree
Circle a number to show how you feel.
I had many ideas about how to solve this problem.
1-2-3-4-5
I worked cooperatively with my family.
1-2-3-4-5
We all contributed.
1-2-3-4-5
We listened to each other’s ideas.
1-2-3-4-5
We treated each other fairly.
1-2-3-4-5
Our Design was successful.
1-2-3-4-5
I can think of ways to make our design even better.
1-2-3-4-5
Our family team enjoyed this STEM activity.
1-2-3-4-5
I want to do more STEM activities in the future.
1-2-3-4-5
I learned about careers in STEM/engineering.
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1-2-3-4-5
Some of the careers surprised me.
1-2-3-4-5
Complete each sentence:
The hardest part of this challenge was

______________________________________
______________________________________
______________________________________
______________________________________
_________.
The easiest part of this challenge was

______________________________________
______________________________________
______________________________________
______________________________________
___________.
My favorite part of this challenge was

______________________________________
______________________________________
______________________________________
______________________________________
__________.
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Appendix F: Media
Media
Families Team Up to Explore STEM Education
School Name elementary Hosts STEM Event for Local Families
XXXXXX, Ne 1/1/19- Elementary-aged children and their families will gather at School
Name on February 28th, 2019 at 6pm for a special Evening of fun, hands-on activities
exploring the exciting world of STEM. The event is free and refreshments will be
provided.
This event will promote creative problem solving, teamwork, and communication as well
as introduce families to the variety of exciting careers available in STEM. For addition
information, or to register for the event, contact Director Name, School Name, at Contact
Information
Local Sponsors for this Family event include:
Sponsor Names
Save the Date

62

RSVP
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Appendix G: Passport for Family STEM Night
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Appendix H: Family STEM Backpack Parent Letter

66

Appendix I: Family STEM Backpack Journal

The Engineering Design Process
What is the name of your project?
______________________________________
1. Ask, Imagine and Plan-How can you achieve your
goal?
What materials will I use?

What are my ideas?
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2. Create- Draw and label a diagram of your idea.
This will be your blueprint.
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3. Evaluate-Describe your design’s strengths or
weaknesses.
What do you predict will work?

______________________________________
______________________________________
______________________________________
What might go wrong?

______________________________________
______________________________________
______________________________________
4. TEST- Build your project and make
observations. Take notes.
______________________________________
______________________________________
______________________________________
______________________________________
______________________________________
5. Improve- What changes can you make so that
your design will be even better? List some changes.
______________________________________
______________________________________
______________________________________
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______________________________________
If you made a RAINBOW BRIDGE:
Number of Pennies Held:
Test 1:____
Test 2:____
Test 3:____
If you made a Wind-Powered Maze:
Test Results:
Time 1:____
Time 2:____
Time 3:____
If you made a Roller Coaster:
Did your marble travel from the top to the
bottom?
Yes______
No______
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If you made an Apple Raft:
Did your raft float?
Yes_______
No_____
How many toothpicks did you use: _____
How many chunks of apple did you use:_______
Did you use the entire apple?
Yes_______
No______
Reflection Sheet
How is your project useful? Could/Did it solve a
problem?
What was the most challenging part of this
project?

